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(57)Abstract: 

PROBLEM TO BE SOLVED: To facilitate crushing, thereby 
perform crushing only once and recover valuable materials by 
crushing a roasted object of a lithium battery contained in an 
aluminum case that is already used and thereafter, generating 
an eddy current in non- magnetic substances separated from 
magnetic substances by means of magnetic separation so as to 
make them to be repelled from a magnet applying a magnetic 
field, and separating each crushed powder containing aluminum 
or copper mainly. 

SOLUTION: An original material 10 is roasted in a roasting 
furnace 1 1 at a temperature preferably in the range of 500-550° 
C, lithium metal acid and metal oxide are reduced by CO gas 
produced along with the resolution of organic matter, and 
copper foil and an aluminum case remain in a metal state. After 
the fracturing of which burden is lightened by virtue of the 
roasting, magnetic substances separated by a primary magnetic 
separator 16 include cobalt 35% or more. Non-magnetic 
substances are separated by means of a repelling action 
between the eddy current generated in proportion to 
conductivity by applying a high frequency magnetic field by an eddy magnetic separator 18 and the 
magnetic field of a permanent magnet. Crushed copper substance 4 repelled less than a crushed 
aluminum substance 5 due to its conductivity and specific weight is separated by a secondary 
magnetic separator 20. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The used lithium cell built in the case made from aluminum is roasted with this case made from 
aluminum. By crushing and carrying out magnetic separation of the obtained roast object, classifying in a 
magnetic matter and a nonmagnetic object, impressing the field from a magnet to the nonmagnetic object 
made to generate an eddy current further, and making this nonmagnetic object repel from this magnet The 
valuables recovery approach from the used lithium cell characterized by classifying into the crushing 
powder which turns into crushing powder which mainly consists of aluminum mainly from copper. 
[Claim 2] The valuables recovery approach from the used lithium cell according to claim 1 characterized by 
classifying in the magnetic matter which mainly consists of cobalt by carrying out magnetic separation of 
said becoming crushing powder which mainly consists of copper further, and the nonmagnetic object which 
mainly consists of copper. 
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* NOTICES * 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the valuables recovery approach from a used lithium cell. 
Since it has the features, such as small, a light weight, and energy-density size per volume, the lithium cell is 
used as a power source of a cellular phone, PHS, a video camera, a notebook computer, etc. 
[0002] The main component part of a lithium cell is a separator which consists of the case made from 
aluminum, the negative-electrode plate which consists of copper foil, a positive-electrode plate which 
applied metal acid lithiums (metal = Mo, Co, nickel, Sn, etc.) to aluminum foil, polyethylene, etc. Since Mo, 
Co, nickel, etc. which are contained in the metal acid lithium are a valuable metal, some recovery 
approaches are proposed. 
[0003] 

[Description of the Prior Art] According to JP,6-322452,A, roasting over a non-oxidizing atmosphere the 
debris except magnetic matters, such as metal nickel classified by carrying out magnetic separation of the 
debris of a used lithium secondary battery, or carrying out reducing roasting by the reducing atmosphere, 
and carrying out magnetic separation of the obtained roast object is proposed. The roast in the inside of the 
non-oxidizing atmosphere in the above-mentioned approach is a process for returning a metallic oxide by 
the carbonaceous material contained as carbon of a separator and negative-electrode material etc., and the 
last magnetic separation is a process for separating nickel and cobalt from copper etc. 

[0004] According to JP,6-346160,A, removing a binder, a solvent, etc., crushing a roast object, carrying out 
a screen exception, and using a minus sieve as the raw material of refinement is proposed by roasting a used 
lithium secondary battery. 
[0005] 

[Problem(s) to be Solved by the Invention] In above-shown JP,6-322452,A, although the used lithium 
secondary battery is crushed directly, this crushing is difficult compared with crushing of a roast object. 
Furthermore, since direct magnetic separation of the debris is carried out to roast **** in order to mitigate 
the burden of roast, the magnetic separation which separates a nonmagnetic object and a magnetic matter is 
before and after roast, and is performed twice. Next, by the approach of JP,6-346160,A, since recovery of 
nickel and cobalt is left to a refinement process, it has the room of an improvement in the field of heat 
energy. Moreover, since both the aluminum of a case and the copper of a negative electrode are collected as 
a nonmagnetic object with a conventional method, it is difficult copper to use a recovery object as a raw 
material of non-iron refinement. 
[0006] 

[Means for Solving the Problem] This invention makes grinding easy and can fully classify it in a magnetic 
matter and a nonmagnetic object by 1 time of magnetic separation. And it aims at collecting valuable metals 
from a used lithium cell by the approach that aluminum and copper can also fully be classified. The used 
lithium cell built in the case made from aluminum is roasted with this case made from aluminum. By 
crushing and carrying out magnetic separation of the obtained roast object, classifying in a magnetic matter 
and a nonmagnetic object, and making this magnetic matter repel from this magnet by impressing the field 
from a magnet to the magnetic matter made to generate an eddy current further The valuables recovery 
approach from the used lithium cell characterized by classifying into the crushing powder which turns into 
crushing powder which mainly consists of aluminum mainly from copper is offered. Hereafter, the approach 
of this invention is explained in detail. 

[0007] The weight of 15 lithium cells is about 300g, in it, about 50g is contained for Co and about 30-40g 
and about 90-100g of aluminum are contained for Cu. First, by roasting a used lithium cell with the case 
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made from aluminum in the approach of this invention, while decomposing and burning and volatilizing the 
organic substance, such as polypropylene and an n-methyl-2-pyrrolidone, CO used as reducing gas is 
generated. Since it becomes inadequate if too low the metal acid lithium by CO gas which occurs by 
disassembly of the organic substance returning roast temperature, and the burden of crushing becomes large, 
a roast object will carry out melting coagulation and the crushing will become difficult on the other hand if 
too high, 550 degrees C or less are desirable, and is 500-550 degrees C more preferably. 
[0008] The heating furnace for roast can be performed by fixed furnaces, such as an electric furnace and an 
oil furnace, although limitation is not carried out. In this case, the bottom direct fire heating stationing 
furnace of a stoker can be used. A used lithium cell accumulates a part for one batch on a stoker, and from 
the upper part of a furnace, the gas duct of a combustion gas is prepared, and it performs roast, discharging 
combustion gas suitably. When it roasts without crushing a used lithium cell, combustion of the organic 
substance described above inside the cell, generating of CO gas, etc. take place, and reduction of an oxide 
progresses in the space within the case of a cell. As for ferrous oxide, nickel oxide, cobalt oxide, etc., most 
is returned by this roast, and, on the other hand, copper foil, an aluminum case, etc. are maintaining the 
metal gestalt by it. As for the roast object obtained, about 70 - 90% of the weight of a metal powder, a lump, 
a network, a foil, a plate, or these are maintaining a part of joint structure in a cell to the used lithium cell. 
Some non-burned carbon, the organic substance, etc. are contained other than a metal. 
[0009] Next, a roast object is crushed. It is the actuation make it easy for this crushing to have the above- 
mentioned various gestalten, and to arrange a roast object with a various dimension with a moderate 
dimension, to make detailed what is maintaining the structure of a cell to a powder gestalt, and to divide into 
a magnetic matter and a nonmagnetic object by the following first magnetic separation. As a crusher, 
although not limited, a 1 shaft crusher etc. can be used preferably. Moreover, crushing is JIS. Z It is 
desirable to carry out so that it may become five or less meshes by the standard sieve of 8801 . The cobalt of 
the gestalt in a grinding object is mainly powder, and aluminum and copper mainly have the shape of a 
plate, a foil, and a flake. Therefore, if magnetic separation is performed at the following processes, judgment 
can be attained by 1 time of magnetic separation in principle. In crushing by this invention method after 
roast, in order to crush the cell whose weight does not crush the cell itself directly, but is once crushed to 
some extent by roast, and is decreasing, the burden of crushing is mitigated. Moreover, since almost all rates 
are metals, and carbon with difficult crushing and the organic substance of a roast object are almost lost and 
components are physically disassembled by thermal expansion, the burden of crushing is mitigated even in 
this field. 

[0010] Magnetic separation is performed at the following process. This is a process for classifying the roast 
object of iron, such as a roast object of metal lithium acid chloride which is a magnetic matter, and a case, 
from a nonmagnetic object. The magnetic matter preferably classified by performing magnetic separation 
with the magnetic field strength beyond 1 100G contains Co, and contains 1 - 3% for aluminum 43 to 50%. 
A nonmagnetic object mainly consists of aluminum, the copper of an amount is contained a little, and cobalt 
is also accompanied although it is still more nearly little. 

[001 1] By the way, the eddy current generated in the nonferrous metal to which the high-frequency field 
was impressed is proportional to metaled conductivity. On the other hand, if the permanent magnet is 
arranged near the nonferrous metals apart from the high-frequency field generation source, stripping of the 
powder will be carried out by rebounding operation with the field from the permanent magnet of an eddy 
current. This rebounding distance becomes so large that specific gravity is so small that metaled 
conductivity is large. The former of the former is [ conductivity / about 1.54 times and specific gravity ] 
larger than the about 3.2 time latter, when copper is compared with aluminum. Rebounding distance 
becomes [ aluminum ] large from copper putting these together. As for a permanent magnet and 4, in 
drawing 1 which shows this process typically, the coil which 1 generates nonferrous metal powder and 2 
makes generate an eddy current, and 3 are [ the copper crushing powder (namely separation object little 
rebounding distance to be) of a natural fall condition and 5 ] the aluminum crushing powder (namely, 
separation object for rebounding distance being large) of a natural fall condition similarly. In addition, 
stripping of the cobalt powder which is a ferromagnetic is carried out together with the copper crushing 
powder 4. In the above-mentioned approach, 1 00-200Hz and reinforcement have a desirable frequency, and, 
as for an alternating current field, 1000-3000G can use a Sm-Co system magnet preferably as a permanent 
magnet. The aluminum crushing powder 5 which is a separation object with a large rebounding distance 
contains 80 - 90% of aluminum, and on the other hand, the copper crushing powder 4 whose rebounding 
distance is a small separation object contains 30 - 40% of Cu, the remainder is mainly Cu and it also 
contains [ the remainder is mainly Co and ] little aluminum and Sn. Therefore, the aluminum crushing 
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powder 5 is used for an aluminum raw material, and the copper crushing powder 4 is used as a copper raw 
material, when there are few amounts of Co(es). 

[0012] When there are many amounts of Co(es) of the copper crushing powder 4 which is a separation 
object with the above-mentioned small repulsion distance as 10% or more, cobalt powder can be classified 
and collected by carrying out magnetic separation of the copper crushing powder. Even if it replaces the 
explanation about Co of a more than with nickel, it is the completely same thing. That is, since nickel is a 
magnetic matter, it is recoverable by the same approach as Co. 

[0013] Hereafter, with reference to the flow chart for carrying out this invention, it explains more 
concretely. A used lithium cell is used as a raw material 10, and is inserted in the roasting furnaces 11, such 
as an electric furnace or an oil furnace, 400kg, for example. If the valuable metal inclusion by which roast 
was carried out amounts to several t, crushing to the dimension which is suitable for magnetic separation by 
the crusher 12 will be performed. A magnetic matter is held in the magnetic matter container back 17 
through the portable conveyor 15 with the first magnetic separator 16 with which a spall uses a conveyor 
and an electromagnet as an element. A nonmagnetic object is transported to the eddy current sorting 
machine 18, and judgment by the field from an eddy current and a magnet is performed. The classified 
aluminum crushing powder 5 is held in the aluminum powder container back 19. By carrying out judgment 
processing with the second magnetic separator 20, the copper crushing powder 4 holds a judgment object in 
the magnetic matter container back 21 and the nonmagnetic object container back 22, respectively. In 
addition, 13 is a dust collection facility and 14 is a suction fan. 
[0014] 

[Function] As mentioned above, the process sequence in this invention has the following descriptions, (b) 
By performing roast before crushing required for magnetic separation, reduction by generating gas and 
disassembly of the cell components by thermal expansion are brought about. Thus, roast is used in favor of 
crushing and subsequent processes. Moreover, mixing of magnetic metals, such as Co to the inside of 
copper crushing powder, is lessened by performing magnetic separation before sorting with a (b) eddy 
current and a magnet. Hereafter, this invention is explained in more detail by the valuable metal collecting 
method performed by the laboratory scale. 
[0015] 

[Example] The metal presentation of a used lithium cell used as the raw material was as follows. 

[0016] 

[Table 1] 





Cu 


Co 


Fe 


Sn 


A 1 


SASLX 


10.6 


15.9 


0.8 


0.6 


29.2 


fifig 


34.1 


51.1 


2.7 


2.1 


93.7 




100 


100 


100 


100 


100 



[0017] Although it became a 54g weight decrease when 323g of raw materials was roasted over 550 degrees 
C with the small kiln during 30 minutes, the metal presentation did not change. Next, magnetic separation 
(magnetic field 1 100G) was performed, and 92g of magnetic matters and 175g of nonmagnetic objects were 
obtained. Each presentation is as in Table 2 and 3. The loss by magnetic separation was 0.6g. 
[0018] 
[Table 2] 
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Cu 


Co 


F e 


S n 


A 1 


fflrtSTTB 


0.4 


AH 9 

46. 3 


O ft 

2. 0 


1. 9 


1. 1 




0.36 


42.6 


1.8 


1.7 


1.0 




1.1 


83.3 


67.9 


83.3 


1.1 



[0019] 
[Table 3] 

mm.® 





Cu 


Co 


Fe 


Sn 


A 1 




19.3 


4.9 


0.5 


0.2 


53.0 


SSg 


33.7 


8.6 


0.87 


0.35 


92.6 




98.9 


16.7 


32.1 


16.7 


98. 9 



[0020] then, the electromagnetism which generates an alternating current magnetic field (120Hz, 2000G) for 
a nonmagnetic object — it separated into aluminum crushing powder (93g) and copper crushing powder 
(82g) using the coil and the rare earth permanent magnet. Each presentation is shown in Tables 4 and 5. 
[0021] 
[Table 4] 





Cu 


Co 


Fe 


Sn 


A 1 




0.3 


1.5 


0.2 


0.2 


83.5 




0.3 


1.4 


0.22 


0.2 


89.8 




0.9 


2.7 


8.1 


9.5 


95.8 



[0022] 
[Table 5] 





Cu 


Co 


Fe 


Sn 


A 1 




40.7 


8.8 


0.8 


0.2 


3.4 


SSg 


33.4 


7.2 


0.65 


0.15 


2.8 




97.9 


14.1 


24.1 


7.1 


3.0 
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[0023] Moreover, magnetic separation of the copper crushing powder was carried out similarly, and the 
nonmagnetic object (62g) shown in the magnetic matter (20g) shown in Table 6 and Table 7 was obtained. 
[0024] 
[Table 6] 





Cu 


Co 


Fe 


Sn 


A 1 




6.0 


33.0 


2.7 


0.3 


12.0 


Sfig 


1.2 


6.6 


0.53 


0.05 


2.4 


5^BB% 


3.5 


12.9 


19.6 


2.4 


2.6 



[0025] 
[Table 7] 





Cu 


Co 


Fe 


S n 


A 1 




51.9 


1.0 


0.2 


0.2 


11.5 




32.2 


0.6 


0.12 


0.1 


7.1 




94.4 


1.1 


4.4 


4.8 


7.6 



[0026] As explained above, according to this invention, cobalt can carry out the second magnetic separation 
of the copper crushing powder which was collected as a magnetic matter of the first magnetic separation, 
and was classified by eddy current judgment by the case, and can collect it as a magnetic matter. Copper 
will be collected as a separation object with little rebounding, if eddy current judgment of the nonmagnetic 
object of the first magnetic separation is carried out further, and on the other hand, if aluminum carries out 
eddy current judgment of the nonmagnetic object of the first magnetic separation further, it will be collected 
as a separation object repelled greatly. 
[0027] 

[Effect of the Invention] (1) Valuables are recoverable by one crushing of a used lithium cell. 

(2) Since a used lithium cell is not crushed from the original form but what was already powdered by roast is 
crushed, the burden of crushing is mitigated. 

(3) Since purity is 35% or more, the amount of [ which were collected ] cobalt is usable as a cobalt raw 
material. In addition, although a small amount of aluminum is going together, it is simply removed by 
oxidation. 

(4) Separation of copper and aluminum is possible, and copper content serves as a raw material of copper 
refinement, such as a converter and an autogenous welding furnace, and the amount of aluminum becomes 
the raw material dissolved with an electrolytic furnace etc. 

(5) When it collects above, there are few running costs in the case of operation of this invention approach. 
Moreover, a recovery ingredient is also very worthy and fits the sale to an ingredient manufacturer, an iron 
and steel maker, and non-iron refinement business. 
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DRAWINGS 



[Drawing 1] 
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[Drawing 2] 
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[Proposed Amendment] 

[0006] 

[Means for Solving the Problem] This invention makes grinding easy and can fully classify it in a magnetic 
matter and a nonmagnetic object by 1 time of magnetic separation. And it aims at collecting valuable metals 
from a used lithium cell by the approach that aluminum and copper can also fully be classified. The used 
lithium cell built in the case made from aluminum is roasted with this case made from aluminum. By 
grinding and carrying out magnetic separation of the obtained roast object, classifying in a magnetic matter 
and a nonmagnetic object, and making a nonmagnetic object repel from this magnet by impressing the field 
from a magnet to the nonmagnetic object made to generate an eddy current further The valuables recovery 
approach from the used lithium cell characterized by classifying into the crushing powder which turns into 
crushing powder which mainly consists of aluminum mainly from copper is offered. Hereafter, the approach 
of this invention is explained in detail. 
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Lfro l la|<D«a-ff«tt*94:^«tti*i:f«:+»fc»B>JT? 

j* -pffifflsif* y & ^«^s%[5]iR-r s c t 

^fflPr* 'J A«»*K7;l/5-»> AS^-Xi: k 
I^L, »6ttfc«ttft*«»U fifci!LTl8»k 

A^SSS-SSckfcfcO, ikUT7;U3-«>A^P. 
ftS»SM»k±kLT«3b^ftS*WI»kK»SiJ'rsc 

k k -r sflgfflis* y f - •> Awa*^ e> (o^mmmu 
[0007] yf-*zjtifii 5ffl©s»itt3 0 0 gt? 

feO, *OiftC{iC o^#95 0 g, Cutftt3 0~4 0 
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^}S{c*5^TliffifflM*y^ , >A*^7;U3^'>Ag 
^-Xkkfcfdgflrrsckf«:«koT, #y:7neu 
X n 2 -eoy K>ftk*OW«H*%5«», 
MM, $#g£tf5kkUcS^#Xk&SC0£fg±£ 
«*. iSttfifififfiiitfSk, 

•r s c o # x tc «t 5 y f - >> ao3S7c*^^ t & 
y, ^o»»ofta*^fr<fto, -^iSia^sk^ 
m^mimmLxztDmtffmMic&zc)?, 5 5 or 

WTtfKFSK, J;y<i?$L<(i5 0 0~5 5 0°CT'fe 

So 
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«Mf\ fiffljpftk*©S«^'PfT9i:k*^*So 
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iiTt^n, -2r»f6, 7;i/3-^/*y-x^:k«^s^ 
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[0009] jettwoaswj&fr^o cowji 

ttffl'TftCfcS'T**. fftWiJ IS Z 8 80 
1 V>ffl$BV i/aJ-XTil&S «fc ? K'ft? H tt)W 

nmmzmmmfttzoxit 
[ooio] *©i:st»«flaa«:ff5o cn«:SMn? 

&S£S'J f-^IMflOjattfc&tMr-xa H<D®.<Dfe 

< tt 1 10 0 GW±<D«*<D»*7«l!*fToT^By« 
nSKttfett, C 0*4 3-5 0%, A 1* 1 -3 96% 

[ooi i] tc5T\ mm'&MnzGiiiQZ nrc$tw& 

t<£S 0 8fc7;l/3-S2v£Jt«rr3i:, #*^ttmi 

#w» i . 5 46, tmnmm 3 . 2 * 0 * 

tv> 0 cft&*«£T5fc7>I>5:^Atf»!«fcD5«ffi 
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m^z^ftffltoT'&zwmsmA&z 0-4 o%$>c 50 
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'>*<lt^So wt, mmmmmxn^rc^m&m® 
iRjSfc «fe t> $ e»{ci¥L < #fsw%t^-r So 

[00 15] 

[^fi?ij] sunt Lrc&mffiK u f-^i,«fficD^si§^ 

(iTIB^tfeOT'feofto 
[0 0 16] 
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Cu 


Co 


Fe 


Sn 


A 1 




10.6 


15.9 


0.8 


0.6 


29.2 


Sfig 


34.1 


51.1 


2.7 


2.1 


93.7 
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100 


100 


100 


100 
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Cu 


Co 


Fe 


Sn 


A 1 


&&% 


0.4 


46.3 


2.0 


1.9 


1.1 


fifig 


0.36 


42.6 


1.8 


1.7 


1.0 
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1.1 


83.3 


67.9 


83.3 


1.1 
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Cu 


Co 


Fe 


Sn 


A 1 




19.3 


4.9 


0.5 


0.2 


53.0 


ffiSg 


33.7 


8.6 


0.87 


0.35 


92.6 
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98. 9 


16.7 


32.1 


16.7 
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Cu 


Co 


Fe 


Sn 


A 1 




0.3 


1.5 


0.2 


0.2 


83.5 


Sfig 


0.3 


1.4 


0. 22 


0.2 


89.8 




0.9 


2.7 


8.1 


9.5 


95.8 
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Cu 


Co 


Fe 


Sn 


Al 




40.7 


8.8 


0.8 


0.2 


3.4 


mag 


33.4 


7.2 


0.65 


0. 15 


2.8 




97.9 


14.1 


24.1 


7.1 


3.0 
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Cu 


Co 


Fe 


Sn 


A 1 




6.0 


33.0 


2.7 


0.3 


12.0 


SSg 


1.2 


6.6 


0. 53 


0.05 


2.4 


3MB % 


3.5 


12.9 


19.6 


2.4 


2.6 
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Cu 


Co 


Fe 


Sn 


A 1 




51.9 


1.0 


0.2 


0.2 


11.5 


iig 


32.2 


0.6 


0. 12 


0.1 


7.1 




94.4 


1.1 


4.4 


4.8 


7.6 
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